Biodiesel has been a promising clean alternative fuel to fossil fuels, which cuts the emissions that are released by fossil fuels, and perhaps reduces the energy crisis induced by the exhaustion of oil resources in the near future. In this study, the effect of antioxidant additive on engine performance and emission characteristics of an engine fueled with palm biodiesel was investigated and compared with conventional diesel fuel. For this study, four fuel samples including pure diesel, diesel-biodiesel (B20), diesel-biodiesel-additive (B20+additive) and pure biodiesel (B100) were used in a multi cylinder, four stroke, water cooled, direct injection diesel engine. Engine tests were performed at various engine speed of 1000 rpm to 4000 rpm with 50% throttle opening. Engine performance and emission concentrations are investigated by determining the break specific fuel consumption (BSFC), brake thermal efficiency, CO, HC, NO x and smoke opacity using gas analyzers. The results showed that the use of baynox plus solution as additive with palm methylester gave average 3.10% higher brake power as well as 23.2% and 2.40% lower NO x and brake specific fuel consumption than the biodiesel blend without additives.
I. INTRODUCTION
The need for energy remains to increase worldwide, creating a need to branch out from conventional fossil fuels [1] , [2] . The global energy requirement is anticipated to increase about 30% in the decades between 2010 and 2030 [3] , [4] . Increased environmental concern, tougher vehicle emission norms, increasing prices and uncertainties concerning petroleum availability necessities the search of a viable alternative fuel, which is more environmental friendly [5] - [7] . In recent years, there has been an increased emphasis on extending the role of alternative fuels. Aside from reducing dependency on fossil fuels, a lot of the effort to increase the utilization of alternative fuels has been prompted by the importance of reducing greenhouse gases emissions, such as carbon dioxide, in reaction to the increasing menace of global warming [8] - [10] . Biodiesel is a promising alternative fuel, which is renewable, biodegradable, non-toxic and environmental friendly [4] , [11] , [12] . It is an ester based oxygenated fuels consisting of a long chain fatty acid and can be derived from vegetable oils (both edible and non-edible), waste cooking, and animal fats oil etc. [13] . Biodiesel in Manuscript particular has been proven to be one of the best alternatives for fossil fuel because it produces less pollutant emissions. Most of the leading countries such as Germany, France and the United States of America have been conducting extensive Biodiesel research. Also, developing countries such as Brazil, Malaysia, India and Indonesia have been conducting similar research [14] , [15] . Many authors investigated the performance and emission characteristics of diesel engine using biodiesel and its blends [14] - [19] . Lin and Rong [20] investigated the effect of waste cooking oil biodiesel, fish oil biodiesel and 2D diesel on a 4-cylinder direct injection engine. They observed higher NO x and PM emissions and lower CO emission while using fish oil biodiesel than using waste cooking oil biodiesel. However, both biodiesels showed lower PM, CO emission and higher NO x emissions compared to diesel fuel. The fish oil biodiesel gave lower BSFC than to the waste cooking oil biodiesel. Behç et [21] carried out an experiment to observe the effect of fish oil biodiesel on a direct injection diesel engine and found lower CO and HC emission but higher BSFC and NO x emission. Lin et al. [22] investigated the effect of vegetable methylester on diesel engine and observed the same brake power and the reduction of all emission except NO x . Buyukkaya [23] used standard diesel fuel, rapeseed biodiesel and blends of B5, B20, B70 on a 6-cylinder, 4-stroke, turbocharged DI diesel engine at full load condition with variable engine speeds. The results indicated a reduction in CO emissions for biodiesel blends compared to diesel. The use of biodiesel produced lowered smoke opacity (up to 60%). However there was an increase in NO X due to higher combustion temperature. Some researchers have reported that the use of some fuel additives in the biodiesel blend can uplift some key properties of biodiesel and improve the performance and emission parameters [24] - [30] . Kalam and Masjuki [31] investigated the effect of an antioxidant additive named 4-nonyl phenoxy acetic acid (1% v/v) with palm biodiesel (B20) and found that the additive produce 2.93% higher brake power and 5.03% lower brake specific fuel consumption compared to biodiesel blend without additive. They also found that the use of such additive to biodiesel reduces the NO x , CO and HC emissions. Shahabuddin et al. [32] experimented the effect of anti-corrosion additives in a turbocharged indirect injection diesel engine emission while the engine running with palm biodiesel. The authors found fuel B20 with 1% anti-corrosion additives produced 1.73% and 9% higher brake power than pure B20 and ordinary diesel fuel respectively and consumed 6% and 26% lower BSFC as compared to ordinary diesel and pure B20. They obtained that the fuel with additive produced lowest level of CO, HC and NO x , emission as compared to ordinary diesel. Balaji and Cheralathan [33] investigated the effect of cottonseed methyl ester with of antioxidant additives on engine emission and engine performance characteristics and found slight decrease in BSFC, NO x , CO 2 , HC and smoke emission and increase in BTE and CO emission. However from the above literature it is clearly seen that the use of biodiesel fuel in the diesel engine increases BSFC and NO x emission. On the other hand, it decreases BTE, and other regulated emissions. In this paper, a new and commercially available fuel additive named baynox plus solution is used with palm biodiesel to investigate and evaluate the engine performance parameters and emission characteristics and also compare all the results with diesel fuel.
II. METHODOLOGY
A four cylinder indirect injection water cooled diesel engine was applied to the present work. The schematic diagram of the engine test bed is pictured in Fig. 1 . The engine was mated to an eddy current dynamometer named Froude Hofman AG 150. The fuel flow rates were measured using a positive displacement flow meter named Kobold ZOD. Engine oil, exhaust gas, cooling water and inlet air temperatures were evaluated utilizing a thermocouple. An exhaust gas analyzer (BOSCH BEA-350) was used to measure the NO x , CO 2 , CO and HC emission. A smoke meter called AVL was used for measuring the smoke opacity. The details of the engine test bed are listed in Table I . Experiments were conducted with pure diesel, diesel-biodiesel (B20), diesel-biodiesel-additive (B20+additive) and pure palm biodiesel (B100) blends on a volume basis at different speed. 1% (v/v) baynox plus solution as additive was added with B20 blend. To carry out the study, the engine was run with 50% throttle opening at a different speed from 1000 rpm to 4000 rpm. The engine performance parameters, emissions and exhaust gas temperature were measured to evaluate and compute the behavior of diesel engines. The major physico-chemical properties of all fuel samples are stated in Table II and the details of additive are listed in Table III . Every measurement for all the fuel samples was done three times and averages data were taken. 
III. RESULTS AND DISCUSSIONS

A. Brake Power
The variation of brake power against engine speed for all fuel samples are shown in Fig. 2 . It is seen that the power values of pure biodiesel and its blend showed a trend of decreasing depending on the content of biodiesel over the entire range of speeds. The characteristics of power values did not vary significantly, according to the type fuel. For D100, B20 and B20+additive blend the maximum power was accomplished at 2500 RPM, however, for B100 and, the maximum power was accomplished at 3500 RPM. D100 gave the maximum brake power of average 11.81 kW, whereas B20, B20+additive blend and B100 gave the brake power of average 11.28 kW, 11.63 kW and 10.47 kW respectively. From the figure it is also seen that, B20+additive blend gave average 3.10% higher brake power than B20 blend and 1.52% lower than diesel fuel and this is because additive blend reduces the viscosity of fuel and increases the combustion quality [34] . B100 blend gave the lowest brake power due to its more viscosity and lower heating value. High viscosity decreases combustion efficiency because of the related bad injection atomization, whereas high lubricity reduces friction loss and improves the brake effective power [35] . Fig. 3 represents the change of brake specific fuel consumption against engine speed for all fuel samples. The BSFC increased as the speed of engine increased. In general, BSFC was found to be more eminent as the dosage rate of biodiesel into the diesel higher; it is because of the lower heating value of biodiesel. Higher density, higher viscosity and lower heating value of fuel produces higher BSFC [34] . BSFC values for all fuel blends showed similar results at lower speed and a very big difference found at medium and higher speed. On average, diesel fuel gave the lowest BSFC values of 407 g/kWh, whereas B20, B20+additive blend and B100 gave the BSFC values of 492.85 g/kWh, 481 g/kWh and 652.85 g/kWh respectively. Average rates of decreases in specific fuel consumption on were 2.40% with B20+additive blend compared to B20 blend and Average rates of increase in specific fuel consumption on were 18.18% B20+additive blend compared to diesel fuel due to additive higher the lower heating value of biodiesel. It was also observed that neat biodiesel shows the highest BSFC due to its lower heating value. Fig. 4 represents the variations of NO x emission values against engine speed for all fuel samples. In general, NO x emission of biodiesel fuels is higher than diesel fuel. From the figure, it is clearly seen that the NO x emission tend to higher as the proportion of the biodiesel in blend higher. The explanation behind the increment of NO x emissions with biodiesel is the higher oxygen (O) content of biodiesel which gives better ignition, and as a result, the combustion temperature increments. NO x emission is directly related with combustion temperature, thus NO x emission is increased [35] - [37] . From the figure, it is found that the average NO x emission diesel fuel, B20, B20+additive blend and B100 were 117.6 ppm, 125.7 ppm, 96.5 ppm and 134 ppm respectively. B20+additive blend showed the best result on NO x emission among all blends throughout the entire range of speed and it gave the average 17.8%, 23.2% and 28% reduction of NO x emission compared to diesel fuel, B20 and B100 blends. This is because of additives in the biodiesel fuel reduce the combustion temperature. Fig. 5 demonstrates the carbon monoxide (CO) emissions against engine speed for all fuel samples. The CO emission of biodiesel fuel is normally lower than diesel fuel. As seen from the figure that, there is a practically direct relations with engine speed, when the engine speed is increased, there is a lessening on the CO emissions. The greatest CO emanations are seen with diesel fuel and an increment of the biodiesel degree on the fuel mixture comes about an abatement on the CO emission due to higher oxygen substance of biodiesel. It is also seen that the average decrease of CO emission values were 14.2% with B20, 10.35% with B20+additive and 23.6% with B100 compared to diesel. This is occurred due to the properties of blend fuels such as higher oxygen content and low sulphur content. The addition of antioxidant to B20 enhanced the CO emission by 4.5% compared to pure B20 due to reduction of free radical formation by antioxidants [38] . 
B. Brake Specific Fuel Consumption
C. NO x Emission
D. CO Emission
E. HC Emission
For a complete combustion an intimate air fuel mixing should take place but if the mixture is too lean due to excess air that may cause an inhomogeneous air fuel mixture in the cylinder resulting in poor combustion, and hence the amount of hydrocarbon increases. Also, the higher oxygen content in the biodiesel improves the oxidation on unburned hydrocarbons [39] . Fig. 6 demonstrates hydrocarbon emission at different engine speed for various fuels. It is seen that, HC emission increases with increasing the engine speed. Over the whole speed reach, biodiesel fuel demonstrated the noteworthy decrease in HC emission contrasted with diesel fuel. The average HC emission for diesel, B20, B20+additive and B100 was found 37.29 ppm, 31.15 ppm, 32.8 ppm and 29.29 ppm respectively. The addition of antioxidant to B20 enhanced the HC emission by 5.3% compared to pure B20 due to reduction of free radical formation by antioxidants [38] . 
IV. CONCLUSION
The aim of this work was to explore impact of added additives with palm methyl ester on engine performance and exhaust emission. In light of the trial results the accompanying conclusion can be made:
 Antioxidant enhance the oxidation stability of palm biodiesel.  Palm biodiesel fuel blends gave slightly lower brake power than diesel. However, B20+additive blend is improved the brake power by 3.10% compared to B20 blend.  Brake specific fuel consumption was found higher with palm biodiesel blends. Additive with biodiesel (B20) blend is reduced BSFC by 2.4% compared to B20 blend.  NO x emission of palm biodiesel is higher than diesel.
B20+additive blend is reduced the NO x emission by 23.2% than B20 blend.  Palm biodiesel usually reduces the CO and HC emissions compared to diesel fuel. CO and HC emissions are decreased by 18.7% and 29.5% compared to diesel respectively with the addition of additives to biodiesel (B20) blend. Finally, Baynox plus solution is compelling for biodiesel and is suitable to be utilized as a part of diesel engine. More researches can be conducted by changing the feedstocks of biodiesel and the dose rate of additive to the blend. 
